. Podophyllin to be used in the following ex periments does not mix directly with fluid paraffin. Carbon tetrachloride was, therefore, used as an intermediate agent to mix podophyllin with fluid paraffin.
One-tenth gram of podophyllin, after being dipped rapidly in absolute alcohol, was dissolved in 10 cc of carbon tetrachloride, and 0.05 cc of the carbon tetrachloride-podophyllin solution thus prepared was melted with 1 cc of fluid paraffin. Thus, 1 cc of fluid paraffin contains 0.5 mg of podophyllin 2. The procedure to prepare the hanging-drop preparation was as follows:
The depression of the slide is sufficiently filled with fluid paraffin con taining podophyllin. A small amount of the tumor sample is dropped on a clean cover-slip without applying any medium. Then the cover-slip thus mounted is inverted over the depression slide. A slight pressure is applied on the cover-slip, and the excess of fluid paraffin is removed with blotting paper. The tumor sample for study was obtained from the tumor-bearing rat 3 to 4 days after the transplantation of the tumor by abdominal puncture with a fine glass. By this time, the most active proliferation of the tumor cells had been attained in the peritoneal cavity of the animal. The tumor used was the MTK-sarcoma III, a new ascites tumor of rats experimentally induced in this laboratory.
For control observations, the tumor sample was mounted with carbon tetrachloride-fluid paraffin containing no podophyllin (0.05 cc of carbon tetra chloride melted with 1 cc of fluid paraffin). The duration of each mitotic phase measured as an example was 48 minutes for metaphase, 4 minutes for anaphase and 17 .5 minutes for telophase. The time relation here obtained is essentially similar to that observed by Makino and Nakahara (1953) In addition to the above change, there occurs also a progressive pycnosis of the nucleus. The cytoplasmic fragments also undergo disintegra tion.
Damage to the cell is thus attained and its death results.
Figures 6 to 17 form a successive series showing the course of cell damage in response to podophyllin followed in three tumor cells. Figure 6 shows three tumor cells at the resting stage, taken 7 minutes after the exposure to podophyllin. The first step of response is irregular indentation of the cell surface. Figure 7 indicates the cells observed at 22 minutes after exposure; they begin to produce blebbing in their surface. The blebbing of the cell surface becomes more intensive with time (Figs. 8-11 results in the formation of many finger-like cytoplasmic buds of varying sizes and shapes constricted off from the cell body (Figs. 12-14) .
The cytoplasmic fragments increase in number with time due to the repeated budding off , and consequent reduction in size of the cell body is induced . By this time, the cells develop cytoplasmic vacuoles of varying sizes , and progressive degenera tive changes of the nucleus follow inducing its pycnotic degeneration (Figs .  15-17 ).
There is also disintegration in the cytoplasmic fragments . Infre quently, the final damage takes place through a breaking down of the cell body with a following disintegration of the naked nucleus .
Figures 18 to 23 show the course of disintegration taking place in a mitotic cell. In figure  18 is shown a cell at met aphase ob served 11 min utes after ex posure to podophyllin. The cell ex hibits irregu lar indentation of its surface at 17 minutes after exposure (Fig. 19) •~1000.
time ( Fig. 20-21 ).
The division arrested at metaphase: the chromosomes are irregulary condensed.
At much later time, the cell produces several cytoplas mic fragments through budding, and shows chromosome clumping (Fig. 22) . The final damage is attainded by fragmentation of the cytoplasm into many small masses and by pycnotic degeneration of chromosomes (Fig. 23) .
Discussion
Podophyllin and its components are known as efficient mitotic poisons; they damage both malignant cells and normal tissue. Makino and Tanaka (1953) observed the effect of podophyllin on the division of tumor cells in rat ascites sarcomas in vivo. They showed that tumor cells were arrested at metaphase.
The chromosomes become shorter and thicker with bizzare outline. The cytoplasm showed irregular processes. Later the condensed chromosomes were agglutinated into irregular masses. They were then stuck together, and death of the cell was induced. MacCardle (1951) reported on the effect of podophyllin on tumor cells of Sarcoma 37 that in treated cells many clear vacuoles developed among the chromosomes arrested at metaphase. They coalesced into a single large sphere in the mid-plate region of the cell. A high dose of podophyllin induced stark necrosis at once, without prelimi nary distortion of mitotic figures. Ormsbee, Cornman and Berger (1949) in dicated in tissue culture experiments with mouse sarcoma L 946 and lung tumor MA 387 that a sterile suspension of podophyllin exerts a toxic and regressive effect against tumor cells. Makino and Cornman (1954) studied cytological responses of malignant cells to podophyllotoxin in vitro and con cluded that although podophyllotoxin was an efficient mitotic poison, it also damaged the cell as a whole, and appeared to exert a direct effect on the cytoplasm as evidenced by rounding, blebbing and vacuolization.
The visible effect of podophyllin on tumor cells observed by phase micro scopy appears to follow a pattern of response similar to that described for podophyllotoxin by Makino and Cornman (1954) in the tissue culture material. It was shown in the present study that podophyllin damaged the cells as a whole and exerted visible influence on the cytoplasm.
The cells were damaged by blebbing, budding off and vacuolization of the cytoplasm, followed by a pycontic degeneration of the nucleus, or of the chromosomes.
Further, phase microscopic observations demonstrate that podophyllin damages both resting and mitotic cells, effects that were hardly ascertained in the fixed and stained material with the in vivo experiment (Makino and Tanaka 1953 ). It appears that the way the drug affects the cells in vivo is different from that in vitro. Probably the damage to tumor cells as produced in this experiment is largely based upon the toxic effects of the drug. Apparently the effects seem to be governed by the dose: the severity of response may increase with increased concentration of the drug used and also by duration of exposure.
Further, the type of response and its severity may vary with the type of tissue under study, as shown by Makino and Cornman (1954) . Imagi (1953) reported different responses of tumor cells to different chemicals.
To analyse the mechanism of the mitotic effects of podophyllin and its derivatives, the col lection of further experimental data must be awaited.
Summary
This paper deals with a phase microscopy study on the effects of podo phyllin on the tumor cells of the MTK-sarcoma III.
The changes of tumor cells in response to exposure to the drug were followed in single cells with the utilization of the hanging-drop preparation made in combination of fluid paraffin and podophyllin. It was shown that podophyllin damaged the cells as a whole and exerted a visible influence on the cytoplasm . The cells were damaged by blebbing and vacuolization of the cytoplasm , followed by a pycnotic degeneration of the nucleus, or of the chromosomes .
